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SUSCEPTIBILITY OF DIPLOID AND TRIPLOID PACIFIC OYSTERS, CRASSOSTREA GIGAS 
(THUNBERG, 1793) AND EASTERN OYSTERS, CRASSOSTREA VIRGIN/CA (GMELIN, 1791), 
TO PERKINSUS MAR/NUS 
JUDITH A. MEYERS, EUGENE M. BURRESON, 1 
BRUCE J. BARBER, AND ROGER MANN 
Virginia Institute of Marine Science 
School of Marine Science 
College of William and Mary 
Gloucester Point, Virginia 23062 
ABSTRACT The susceptibility of Pacific oysters, Crassostrea gigas, to the oyster parasite Perkinsus marinus was compared with 
that of eastern oysters, Crassostrea virginica, in two separate experiments. Experiments were conducted in flow-through seawater 
systems with quarantined effluent. Oysters were challenged by addition of infective P. marinus. In the first experiment, which used 
only diploid oysters, 40% of C. gigas became infected with P. marinus after 83 days compared to 100% of C. virginica. In the second 
experiment, which examined susceptibility of diploid and triploid individuals of both species, prevalence was high in all groups after 
60 days. In C. virginica, heavy and moderate infection intensities prevailed while C. gigas exhibited only light infections. Cumulative 
mortality of C. virginica after 150 days was 100% for the diploid group and 97.7% for the triploid group. Cumulative mortality of C. 
gigas after 150 days was 25 .1 % for the diploid group and 34.3% for the triploid group, but this mortality did not appear to be disease 
related. Thus, C. gigas was consistently more tolerant of P. marinus than was C. virginica, and triploidy provided no increased disease 
tolerance for either species. 
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INTRODUCTION 
Perkinsus marinus (Mackin, Owen and Collier) is a serious 
pathogen in the eastern oyster, Crassostrea virginica (Gmelin, 
1791). The parasite is widely distributed in oyster populations 
from the Gulf of Mexico north into Delaware Bay. In Chesapeake 
Bay, P. marinus was originally confined to the lower portions of 
the Bay, but in recent years has spread into all of Virginia's oyster 
beds (Andrews 1988) where it has replaced Haplosporidium nel-
soni (Haskin, Stauber and Mackin), popularly known as MSX, as 
the most important oyster pathogen (Andrews 1988, Burreson and 
Andrews 1988). 
Since reaching its peak of 7.6 million bushels in 1904, pro-
duction of market oysters in Virginia has steadily declined. During 
the past 30 years mortality resulting from the combined effects of 
P. marinus and H. nelsoni have played a substantial role in this 
decline. Recent harvest levels have been well below 500,000 
bushels annually (Hargis and Haven 1988) with record low land-
ings each of the last three years. The 1990 oyster harvest in Vir-
ginia yielded only 135,704 bushels of market oysters. 
Among the options being eonsidered to revitalize Virginia's 
oyster industry is the use of diploid and triploid Pacific oysters, 
Crassostrea gigas (Thunberg, 1793), in conjunction with C. vir-
ginica as the basis for oyster production. One method of reducing 
losses of oyster stocks to disease is to utilize oyster species that are 
not susceptible to local diseases. In some areas of Europe, notably 
France, the loss of endemic oyster species to disease has led to 
their supplementation or replacement with C. gig as. For example, 
in the 1970s, France's native populations of the Portuguese oyster, 
Crassostrea angulata, were decimated by two viral diseases, gill 
necrosis virus (GNV) and hemocytic infection virus (HIV). By 
1983 C. angulata had disappeared from French oyster beds. Cras-
sostrea gigas appears to be highly resistant to both GNV and HIV 
(Comps 1988). Major imports of C. gigas to France in the 1970s 
1To whom correspondence should be addressed. 
prevented the collapse of the oyster industry (Comps 1988, Chew 
1990). Crassostrea gigas has also demonstrated resistance to the 
protozoan parasites Bonamia ostreae and Marteilia refringens 
(phylum Ascetospora). Both these parasites cause severe pathol-
ogy and serious recurrent mortality in the edible oyster, Ostrea 
edulis (L.) in France. Cells resembling early stages of M. refrin-
gens can be found in C. gigas grown in areas where this parasite 
is endemic, but there is no associated pathology or mortality in this 
oyster species (Figueras and Montes 1988). In France, significant 
mortality in 0. edulis resulting from M. refringens prompted sup-
plemental plantings of C. gigas to help offset losses in production 
(Cahour 1979). Bonamia ostreae is found worldwide in 0. edulis, 
but infections in C. gigas are unknown (Chagot et al. 1989). Thus 
far, C. gigas has demonstrated low susceptibility to viral diseases 
and to ascetosporan parasites; however, its resistance to Perkinsus-
like parasites (phylum Apicomplexa) has yet to be demonstrated. 
The use of triploid oysters is another option to revitalize Vir-
ginia's oyster industry. Triploid oysters, having an extra set of 
chromosomes, exhibit reduced gametogenesis, greater glycogen 
content and faster growth than diploid oysters (Stanley et al. 1984, 
Allen and Downing 1986, 1990). Thus, triploid C. gigas, by vir-
tue of reduced gametogenesis, may be advantageous because they 
offer the potential for utilizing a non-native species in Chesapeake 
Bay while reducing the risks of unwanted introductions of repro-
ductively competent individuals. Triploid C. virginica may also be 
advantageous, but for different reasons. Diversion of energy from 
gametogenesis to other uses in triploid C. virginica may be re-
flected as increased disease tolerance if more energy is allocated to 
defense mechanisms. In any case, triploid C. virginica represent a 
potential advantage over diploid individuals because they may 
grow faster and reach marketable size before incurring large losses 
to disease (Barber and Mann 1991). 
Determining susceptibility to disease is the first step that must 
be taken in the evaluation of C. gigas as a supplemental species in 
Virginia waters. The experiments described below examine the 
comparative susceptibility of diploid and triploid C. gigas and C. 
virginica to P. marinus. 
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TABLE 2. 
Prevalence and intensity of infections in diploid and triploid Crassostrea gigas and C. virginica challenged with Perkinsus marinus. 
No. Infected/ 
Date Oyster Group No. Examined 
18 Jun 90 C. virginica 2n 0/25 
C. virginica 3n 0/25 
C. gigas 2n 0/25 
C. gigas 3n 0/25 
27 Aug 90 C. virginica 2n 25/25 
C. virginica 3n 25/25 
C. gigas 2n 20/23 
C. gigas 3n 22/25** 
26 Sep 90 C. virginica 2n 16/16 
C. virginica 3n 25/25 
C. gigas 2n 16/25** 
C. gigas 3n 16/25** 
08 Nov 90 C. virginica 2n All dead 
C. virginica 3n 4/4 
C. gigas 2n 2/25** 
C. gigas 3n 1/25** 
03 July 91 C. virginica 2n All dead 
C. virginica 3n All dead 
C. gigas 2n 5/25 
C. gigas 3n 3/25 
% 
Infected 
0 
0 
0 
0 
100 
100 
87 
88 
100 
100 
64 
64 
100 
8 
4 
20 
12 
H-M-L° 
17-6-2 
15-4-6 
0-0-20** 
0-0-22** 
10-3-3 
10-11-4 
0-0-16** 
0-0-16** 
3-1-0 
0-0-2* 
0-0-1* 
0-0-5 
0-0-3 
Weighted Cumulative 
Incidence Mortality 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
4.20 48.0%** 
3.72 25.7% 
0.87 22.3%b 
0.88 25.lo/ob 
3.88 76.0% 
3.48 61.1% 
0.64 25.1 %** 
0.64 34.3%** 
100.0% 
4.50 97.7% 
0.08 25.1%** 
0.04 34.3%** 
100.0% 
100.0% 
0.20 25.1%** 
0.12 34.3%** 
a H = number of heavy P. marinus infections, M = moderate infections, L = light infections. 
b Mortality in C. gigas not disease related, see Discussion. 
* P < 0.05. 
** P < 0.01. 
and triploid C. virginica increased steadily during the experiment. 
At the time the last count was taken, 150 days post exposure, 
cumulative mortality had reached 100% in diploid C. virginica and 
97. 7% in the triploid group. Cumulative mortality was signifi-
cantly higher in both C. virginica groups than in either C. gigas 
group after 26 September (Table 2). 
DISCUSSION 
These results suggest that C. gigas is much more tolerant of P. 
marinus than C. virginica and also that triploidy provides no in-
creased tolerance for either species. In the first experiment, which 
examined only diploid oysters, P. marinus infections appeared in 
C. virginica sooner than in C. gigas suggesting that C. gigas may 
be less susceptible to infection. Since all of the oysters used in this 
experiment were similar in size and were interspersed in the same 
tank, they would be expected to acquire infections at the same rate 
if they were equally susceptible. 
Prevalence and intensity of P. marinus infections were lower in 
C. gigas than in C. virginica in both experiments and in the second 
experiment prevalence of P. marinus actually decreased in C. 
gigas during summer of 1990. It seems unlikely that this decrease 
in prevalence was the result of mortality of susceptible individuals. 
Prevalence declined from almost 90% to below 10% between late 
August and early November, but mortality in C. gigas was only 
about 30% during this period and, as discussed below, this mor-
tality was not disease related. In any case, the mortality in C. gigas 
was not enough to account for the decline in prevalence. In addi-
tion, only light infections were found in C. gigas. Mortality in C. 
virginica is associated only with moderate and heavy P. marinus 
infections (Andrews 1988). Two possible explanations for the de-
crease in prevalence in C. gigas are that the parasite is able to enter 
C. gigas but is unable to proliferate or that C. gigas possesses an 
active defense mechanism that is able to eliminate the parasite. It 
has been shown, for example (Fisher 1988), that hemocytes from 
non-susceptible C. gigas are able to bind more Bonamia ostreae 
parasites than are hemocytes from susceptible O. edulis. 
Heavy and moderate infections predominated in both diploid 
and triploid C. virginica and weighted incidence values ap-
proached or exceeded 4.0 for all samples during the second ex-
periment. Weighted incidence values of 4.0 are typical of those 
found in heavily infected gapers (Andrews 1988) when 90% or 
more of the mortality is caused by P. marinus. On the basis of the 
high WI values, mortality in both diploid and triploid C. virginica 
during the second experiment can be attributed to P. marinus. WI 
values in C. gigas were always below 1.0 in both experiments. On 
the basis of previous experience with C. virginica and the low WI 
values in C. gigas, there did not appear to be any disease-related 
mortality in either diploid or triploid C. gigas during these exper-
iments. The C. gigas mortality that did occur during the second 
experiment was probably not disease related; it was discovered on 
7 August that the power to the pumps supplying the flume had 
been lost and that the flume had drained leaving the oysters ex-
posed to air at high temperature for two days over a weekend. The 
highest mortality in both diploid and triploid C. gigas occurred 
soon after this event. Mortality in both C. gigas groups declined 
over the remainder of the experiment and no C. gigas mortality 
occurred after 26 September. We believe that the prolonged ex-
posure to high temperature, not disease, caused the August C. 
gig as mortalities. 
No significant differences in prevalence or intensity of P. mari-
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nus infections were observed between diploid and triploid groups 
in oysters of the same species. However, mortality was greater in 
diploid C. virginica than in triploids after 70 days of exposure, but 
not in subsequent months. This early lower mortality of triploids, 
even though disease prevalence and intensity were similar to dip-
loids, may suggest that triploids have a short-term energetic ad-
vantage. over diploids. However, by the end of the experiment it 
was clear that triploidy provided no increased tolerance to P. mari-
nus in C. virginica and the hypothesis that energy resources di-
verted from gametogenesis in triploid individuals can be used to 
enhance defense mechanisms does not seem to be true. On the 
basis of these experiments triploid C. virginica can not be ex-
pected to provide any disease resistance advantage over diploid 
individuals. However, the faster growth rate of triploid C. virgin-
ica compared to diploid C. virginica (Barber and Mann 1991), 
would result in triploids reaching marketable size sooner than dip-
loid individuals and thus potentially incurring fewer losses to dis-
ease. 
The tolerance of C. gigas to P. marinus suggests that this 
oyster species has potential to assist the revitalization of the Ches-
apeake Bay oyster industry. On the basis of these experiments 
there should be very little, if any, C. gigas mortality associated 
with P. marinus infections. Triploid C. gigas appeared to be at 
least as disease tolerant as diploid individuals, although the C. 
gigas triploid group was only 67% triploid at the beginning of the 
experiment and only 36% triploid when it was terminated. We feel 
that this decline in triploidy was probably a result of sampling 
error rather than differential mortality between diploid and triploid 
individuals, but this could not be determined with certainty. On 
the basis of these experiments, the use of C. gigas as part of a 
revitalization program would offer the advantage of disease toler-
ance in areas where P. marinus is endemic. In addition, use of 
triploid C. gigas would also reduce the risk of undesirable intro-
ductions. 
ACKNOWLEDGMENTS 
The authors wish to thank the following individuals for their 
expert technical and field assistance: Michael Castagna, Ken 
Kurkowski, Chris MacLauchlin, Juanita Walker, Kenneth 
Walker, Beth McGovern, Lisa Ragone and Gustavo Calvo. Dr. 
Stan Allen, Rutgers University, assayed spat for triploidy. This 
research was supported in part by NOAA through the Virginia Sea 
Grant College Program under grant number NA-86AA-D-SG042. 
VIMS contribution number 1711. 
LITERATURE CITED 
Allen, S. K., Jr. & S. L. Downing. 1986. Performance of triploid Pacific 
oysters, Crassostrea gigas (Thunberg). I. Survival, growth, glycogen 
content, and sexual maturation in yearlings. J. Exp. Mar. Biol. Ecol. 
102:197-208. 
Allen, S. K., Jr. & S. L. Downing. 1990. Performance of triploid Pacific 
oysters, Crassostrea gigas: gametogenesis. Can. J. Fish. Aquat. Sci. 
47:1213-1222. 
Andrews, J. D. 1988. Epizootiology of the disease caused by the oyster 
pathogen P erkinsus marinus and its effects on the oyster industry. 
Amer. Fish. Soc. Spec. Pub[. 18:47-63. 
Barber, B. J. & R. Mann. 1991. Sterile triploid Crassostrea virginica 
(Gmelin, 1791) grow faster than diploids but are equally susceptible to 
Perkinsus marinus. J. Shellf. Res. 10:445-450. 
Burreson, E. M. & J. D. Andrews. 1988. Unusual intensification of Ches-
apeake Bay oyster diseases during recent drought conditions. Proc. 
Oceans '88:799-802. 
Cahour, A. 1979. Marteilia refringens and Crassostrea gigas. Mar. Fish. 
Rev. 41:1-2. 
Chagot, D., D. Hervio, C. Mourton, V. Boulo, E. Miahle & H. Grizel. 
1989. Interactions between Bonamia ostreae (Ascetospora) and hemo-
cytes of the flat oyster (Ostrea edulis) and of the cup shaped oyster 
(Crassostrea gigas): in vitro analysis of entry mechanisms. Dev. 
Comp. Immunol. 13:409. 
Chew, K. K. 1990. Global bivalve shellfish introductions. World Aqua-
cult. 21 :9-22. 
Comps, M. 1988. Epizootic diseases of oysters associated with viral in-
fections. Amer. Fish. Soc. Spec. Pub[. 18:23-37. 
Downing, S. L. 1989. Comparing adult performance of diploid and trip-
loid monospecific and interspecific Crassostrea hybrids. Proc. Nat. 
Shellf. Assoc. 7:549. 
Downing, S. L. & S. K. Allen, Jr. 1987. Induced triploidy in the Pacific 
oyster, Crassostrea gigas: Optimal treatments with cytochalasin B de-
pend on temperature. Aquaculture 61:1-15. 
Figueras, A. & J. Montes. 1988. Aber disease of edible oysters caused by 
Marteilia refringens. Amer. Fish. Soc. Spec. Pub/. 18:38-46. 
Fisher, W. S. 1988. In vitro binding of parasites (Bonamia ostreae) and 
latex particles by hemocytes of susceptible and insusceptible oysters. 
Dev. Comp. Immunol. 12:43-53. 
Hargis, W. J., Jr. & D. S. Haven. 1988. Rehabilitation of the troubled 
oyster industry of the lower Chesapeake Bay. J. She/If. Res. 7:271-
279. 
ICES (International Council for the Exploration of the Seas). 1984. Guide-
lines for implementing the ICES Code of Practice concerning intro-
ductions and transfers of marine species. ICES Coop. Res. Rpt. 130:1-
20. 
Mackin, J. G. 1962. Oyster disease caused by Dermocystidium marinum 
and other microorganisms in Louisiana. Pub[. Inst. Mar. Sci. Univ. 
Texas 7:132-229. 
Ray, S. M. 1952. A culture technique for the diagnosis of infections with 
Dermocystidium marinum Mackin, Owen and Collier in oysters. Sci-
ence 116:360-361. 
Ray, S. M. 1954a. Experimental studies on the transmission and patho-
genicity of Dermocystidium marinum, a fungus parasite of oysters. J. 
Parasitol. 40:235. 
Ray, S. M. 1954b. Biological studies of Dermocystidium marinum, a fun-
gus parasite of oysters. Rice Institute Pamph. Spec. Issue, November, 
1954. 114 p. 
Stanley, J. G., H. Hidu & S. K. Allen, Jr. 1984. Growth of American 
oysters increased by polyploidy induced by blocking meiosis I but not 
meiosis II. Aquaculture 37:147-155. 
